The crystal structure of binary alloys T3M, where T is a 3d transition metal and M is Si, Ge and Sn, varies as A15 to bee (D03) to hcp (D019) or fee (L12) with increasing number of the electron of T. According to X-ray studies on (Fe1-xVx)3M, the crystal structures are A15 and D019 in Si alloys, A15, D03 and D 019 in Ge alloys, and A15 and D019 in Sn alloys. Pseudobinary alloys Fe3Si (D03)-Ni3Si(L12) have only D03 and L12 solid solutions, but the alloys Fe3Ge(D019)-Ni3Ge(L12) and Fe3Sn(D019)-Ni3Sn(D019) form a bcc (D03) phase and an orthorhombic phase with a distorted D03 structure in their intermediate compositions, respectively. The energy of electron is calculated from the density of states curves of A15, D03 and D 019 structures in the rigid band model and explained the depedence of the crystal structure on the average electron/atom ratio. In Fe3Si, the coulomb energy between Fe atoms on two inequivalent sites is calculated based on the Thomas-Fermi model and the site preference of 3d transition metal impurity is explained.
In alloys T3M of a 3d transition metal T and a IVb group element M, possible structures are A15, bcc (A2 or D03), fcc (L12) and hcp (D019). As shown in Table 1 , the structure varies as A15 to bcc to hcp or fcc with increasing number of the 3d and 4s electrons of T. Such a relation between the crystal structure and the average electron/atom ratio is found in a pseudobinary system (Fe1-xVx)3Ge(1), of which (Fe1-cNic)3Ge was supposed to form a solid solution of fcc (L12) structure, because Fe3Ge transforms from hcp (D019) to the same structure fcc (L12) as Ni3Ge after annealing longer than 4.3Ms below 973K (2) . However, the out to have a bcc, probably, D03 structure (3) .
The present experiments show that the pseudobinary alloys of Fe3Sn and Ni3Sn with D019 structure form a modified structure of D03 type.
In addition, the crystal structures of many alloys in the approximation of rigid band. In the present paper, the energies of electrons for the alloys with A15, D03 and hcp (D019) structures are calculated in the approximation of rigid band with a few assumptions, and then the experimental results on the relation between the crystal structure and the average electron/atom ratio are discussed on the basis of the calculation.
Alloys were prepared by arc melting of appropriately-composed mixture of Fe, V, Ni (99.9% pure) and Si, Sn (99.999% pure) in argon atmosphere. Then the alloys were sealed in an evacuated silica tube and annealed at about 1070K for about 0.6Ms. After homogenization, they were quenched in water. The alloys were examined by X-ray diffraction the crystal structure. shows the diffraction lines of (Fe0 .6Ni0.4)3Sn and (Fe0.5Ni0.5)3Sn as the representatives.
The difference in the diffraction patterns between both alloys suggests the occurrence of some It is obvious that there is a relation between the crystal structure and the average electron/ Table 2 Diffraction lines of the alloys of orthorhombic structure.
atom ratio. The stable structure is determined by the calculation of energy of electrons for the main structures.
As the difference in the energy between D019 and L12 structures is considered to be small enough, we shall calculate the energies of A15, Do3 and D019 structures.
Energy of electrons
Hume-Rothery rules were well explained in the approximation of nearly free electron. In the present calculation, the energy of electrons is obtained in the rigid band approximation based on the density of states of the three structures. The density of states used for calculation of A15 and D03 structures are those of V3Ga (6) ( Fig. 5 ) and Fe3Si (7) (Fig. 6 ), which consist of the lower band derived from the s and p states of Ga or Si and the higher band associated with the s and d states of V, Fe or Ni. There is no calculation on the density of state for the 3d transition metal alloys with D019 structure. Then we used the density of state for a 3d transition metal of hcp structure (8) (Fig. 7) with the following assumption (3). Assumption:
(1) The lower band and the higher band are common to the alloys of the same structure. ( 2) The interval between the lower and higher bands extends as the metalloid atom becomes heavier (Si to Ge to Sn).
(3) As for D019 structure, the upper part of higher band is the same as the upper part of the hcp transition metals band. The assumption (3) is proposed by the following reason: The metalloid atom contributes mainly to the lower band, and the contribution to the higher band is a little in the lower part. The upper part of higher band depends on the 3d transition metal atom, and the structure is supposed to be similar to the band of an hcp transition metal, because the disordered structure of 13019 type is hcp.
Characteristic features of the density of states curve are illustrated schematically in Fig.  8 . The energy of electrons U is given by (1) energy of the bottom of the band. When the energy U of A15, D03 and D019 structures are expressed as Ua, Ub and Uh, the stability of the structure is discussed by the difference between two strucures such as Ua-Uh.
Most of the calculated density of states D*(E) are given as a function of E, which is structure were given, the energy of electrons U 
and
where n is the average number of 3d and 4s electrons of the transition metal atoms. The The phase boundaries of A15, D03 and D019 structures are shown with the experimental data as a function of n in Table 3 . The calculated values agree well with the experimental data. There is generally a two-phase region as observed in the experimental data, but the present calculation does not give any twophase region. Preciser calculation of Ua(n), Ub(n) and Uh(n) is necessary to determine the two-phase region.
The energy difference between A15 and D03 structures is about 1 eV per T3M, and the A15 structure is generally stable, but the energy difference at V3M is small. This suggests that the A15 structure of V3M is unstable. The experiment shows that the stoichiometric alloys V3M precipitate the metalloid atoms M and the A15 structure is stable for the alloys containing excess V. In the present systems, the substitution of Fe for V in V3M also stabilize the A15 structure. This means that the increase of average electron/atom ratio from V3M stablizes the A15 structure, and agrees with the conclusion of the present calculation.
The calculation explains also the experimental results that the pseudobinary alloys of Fe3Ge(D0,9)-Ni3Ge(L12) and Fe3Sn(D019)-Ni3Sn(D019) form D03 structure and the variant one. The energy difference between the D019 and D03 for Fe3Ge, Mn3Ge, Fe3Sn and Mn3Sn is very small and less than about 0.1eV. As described later, the coulomb energy between the two metal atoms on two inequivalent Fe sites in D03 structure contributes to the stabilization of D03 structure. The calculation also explains the experimental results that D019 structure is stable for the alloys containing excess Mn such as Mn3.4Ge(9) and Mn3.67Sn (10) 2. Coulomb energy in D03 structure In Fe3Si with D03 structure, there are two Fe sites, Fe1 and Fell, and the number of 3d electrons per FeI and FeII atoms can be obtained from the density of states (Fig. 6 ). They are shown in Fig. 10 with the total number of electron. As Fe3Si has 28 electrons, the curves show that the number of 3d electrons of Fe, and two Fell atoms are 7.25 and 13.10, respec- Table 3 Experimental data and calculated values of average electron/atom ratio (n) of T for A15, D03 and D019 phases of T3Si, T3Ge and T3Sn. respectively. In the jellium, the screened potential of an ion with charge Z is expressed as (5) radius (11) . The mean radius of s electron, r0, is calculated from the electron density 1.22/Fe, so that r0=0.144nm, and ks=0.179nm-1. The coulomb energy (6) is calculated upto sixth neighbors for ri, rj and rk, and the obtained value is -0.026eV for Fe3Si. This is a large contribution for the stabilization of D03 structure, because the energy difference of electrons between the D03 and D019 structures is about 0.1 eV.
Site preference of metal impurity in Fe3Si
We shall calculate the coulomb energy of im- 
